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(57) Abstract 



PROBLEM TO BE SOLVED: To provide an ultrasonic vibration apparatus with 
a small side lobe without degrading narrow directivity characteristics 
and reverberation characteristics. 

SOLUTION: This ultrasonic vibration apparatus is provided with a groove 
on the outer periphery of its casing, has a top plate divided into an 
inner region and an outer region and supported by a supporting part, and 
vibrates the inner and outer regions at the almost same phase. The top 
plate is constituted with its node point located on a case side wall to 
reduce the side lobe without degrading the narrow directivity 
characteristics. By filling a filling material consisting of soft 
material into the groove and providing a space not filled with the 
filling material in a opposing side to the top plate inside the groove, 
dispersion of the resonance frequency is suppressed to improve the 
reverberation characteristics. 
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CLAIMS 



[Claim(s) ] 
[Claim 1] 

In the ultrasonic rocking equipment the top plate is classified 
[ rocking equipment ] into the inner field and the outside field by the 
part in which it consists of a case which consists of a side attachment 
wall and a top plate, and a piezoelectric device stuck on the top plate 
of said case, the slot is established in the peripheral face of said 
side attachment wall, and said slot of said side face is established, 
and it was made to vibrate said inner field and outside field by 
abbreviation equiphase. 

Ultrasonic rocking equipment characterized by vibrating said case as a 
node point of vibration by the part below said slot of the side 



attachment wall of said case. 
[Claim 2] 

Ultrasonic rocking equipment according to claim 1 which said slot is 
filled up with the flexibility filler with a degree of hardness lower 
than said case, and is characterized by establishing space in said top 
plate of said slot, and the side which counters. 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] 

This invention relates to ultrasonic rocking equipment, such as an 
ultrasonic sensor used in order to carry out the transmission-and- 
reception wave of the supersonic wave and to detect a body. 
[0002] 

[Description of the Prior Art] 

In order for a supersonic wave to realize a high measurement system in 
the ultrasonic sensor which measures distance with an object etc. , it is 
necessary to narrow directivity. There is a technique currently 
indicated in the patent reference 1 as structure of realizing ^^^^^^^^ 
without enlarging the configuration of a sensor. 
[0003] 

The structure of this technique is shown in drawing 6 (a). As for the 
case, cylindrical shape-like a side attachment wall 1 and a top plate 2 
are formed in one. The slot is prepared on the periphery of the case 
side attachment wall 1 of the top-plate 2 neighborhood, the side 
attachment wall 1 is thin and this part that became thin serves as the 
supporter 4 which supports a top plate 2. And the top plate 2 is 



classified into the inner field 5 and the outside field 6 by the 
supporter 4. The piezoelectric device 7 which prepared the electrode in 
both the principal planes of a piezo electric crystal plate is attached 
in the center inside a top plate 2, and a piezoelectric device 7 carries 
out bending vibration united with a top plate 2 by impressing an 
electrical potential difference between two electrodes. A top plate 2 
makes a supporter 4 the node point of vibration, and carries out bending 
vibration of the core of the inner field 5, and the periphery part of 
the outside field 6 as an antinode of vibration. At this time, it 
designs so that an inner field and an outside field may vibrate by 
abbreviation equiphase like drawing 6 (b). Drawing 7 is drawing showing 
the result of having calculated the situation of deformation of the top 
plate 2 at the time of vibration of ultrasonic rocking equipment, a 
supporter 4, and the side attachment wall 1 of a case with the finite 
element method. The inner field 5 of a top plate 2 and the outside field 
6 are in phase, it resonates, and it turns out that the node point of 
vibration is on a supporter 4. Moreover, the side attachment wall 1 of a 
case is hardly vibrating. Thus, the sound pressure of the direction 
which shifted from the front beyond the predetermined azimuth while 
obtaining sound pressure strong against the direction of the front 
perpendicular to a top plate 2 becomes weaker by interference with the 
acoustic wave according to vibration of the inner field 5 by making it 
vibrate, and the acoustic wave by vibration of the outside field 6, and 
********** is obtained. Although narrow directivity will be obtained if 
a plane of vibration is generally enlarged and resonance frequency is 
raised in ultrasonic rocking equipment, according to this technique, 
narrow directivity can be obtained, without [ without it enlarges 
equipment, and ] raising resonance frequency. 
[0004] 

Moreover, by filling up a slot with the flexibility filler 8, vibration 
of the outside field 6 is dumped and a reverberation property is 
improved. 
[0005] 

[Patent reference 1] 
JP, 2001-197594, A 
[0006] 

[Problem (s) to be Solved by the Invention] 

In the above-mentioned conventional technique, although ^as 
obtained, the trouble that an about -15dB side lob occurred near 45 
degrees was in right and left from 30 degrees from the core of a front 
main lob. By interference with the acoustic wave from the source of 



vibration of the inner field 5 of a top plate 2, and the acoustic wave 
from the source of vibration of the outside field 6, from 30 right and 
left, near, the field which suits in slight strength produces an 
acoustic wave near 45 degrees, and this side lob is generated. 
[0007] 

Generally such ultrasonic rocking equipment is used as a back sonar of 
an automobile etc. Although the back sonar of an automobile is equipment 
which detects the obstruction behind an automobile, if a side lob is 
large, incorrect actuation of detecting the ground accidentally may be 
caused. 
[0008] 

Moreover, such ultrasonic rocking equipment is used for a smart airbag 
system etc. A smart airbag system is a system which recognizes crew' s 
condition and controls the operating level of an air bag by two or more 
sensors. Although ultrasonic rocking equipment was used as a sensor for 
recognizing crew' s condition, crew' s condition could not be correctly 
detected as a side lob being large, but the problem of causing incorrect 
actuation of a system had occurred. The level of the side lob which does 
not cause incorrect actuation in this smart airbag system was -20dB or 
less, and was the level of a side lob unrealizable on the level of the 
side lob of conventional ultrasonic rocking equipment. 
[0009] 

Maintaining conventional ^^^^^^^^^^ equivalent to ultrasonic rocking 
equipment and a conventional reverberation property, it reduces a side 
lob and the purpose of this invention offers the ultrasonic rocking 
equipment which can be used for a smart airbag system. 
[0010] 

[Means for Solving the Problem] 

In order to solve the above-mentioned trouble the ultrasonic rocking 
equipment of this invention It consists of a case which consists of a 
side attachment wall and a top plate, and a piezoelectric device stuck 
on the top plate of said case. In the ultrasonic rocking equipment the 
top plate is classified [ rocking equipment ] into the inner field and 
the outside field by the part in which the slot is established in the 
peripheral face of said side attachment wall, and said slot of said side 
face is established, and it was made to vibrate said inner field and 
outside field by abbreviation equiphase It is characterized by vibrating 
said case as a node point of vibration by the part below said slot of 
the side attachment wall of said case. 
[0011] 

By using the node point of vibration as the part below the slot of a 



case side attachment wall, the whole case including a side attachment 
wall will vibrate, in the case of vibration, a supporter also deforms 
greatly, the oscillation mode of a top plate changes, and generating of 
a side lob is suppressed. 
[0012] 

Moreover, said slot is filled up with the flexibility filler with a 
degree of hardness lower than said case, and it is desirable to 
establish space in said top plate of said slot and the side which 
counters. 
[0013] 

A reverberation property improves by filling up a slot with a 
flexibility filler. Moreover, it can prevent vibration of a case side 
attachment wall and vibration of a top plate joining together, and 
resonance frequency varying by preparing the top plate of a slot, and 
the space where the side which counters is not filled up with the filler. 
[0014] 

[Embodiment of the Invention] 

One operation gestalt of this invention is explained referring to 

drawing below. 

[0015] 

Drawing 1 (a) is the sectional view showing the configuration of the 
ultrasonic rocking equipment of this invention. A case consists of 
aluminum and cylindrical shape-like a side attachment wall 1 and a top 
plate 2 are formed in one. The slot 3 is established in the periphery 
section of the side attachment wall 1 of the top-plate 2 neighborhood, 
the slot 3 is filled up with the flexibility filler 8, and the space 9 
where it does not fill up with the filler 8 is formed in the top plate 2 
of a slot 3, and the side which counters. Space 9 may be an approach 
which may remove and form some fillers 8 after filling up the whole slot 
3 with a filler 8, or leaves space 9, and is filled up with a filler 8. 
Since the slot 3 is formed, the thickness of the side attachment wall 1 
of the top-plate 2 neighborhood is thin, and this part supports the top 
plate 2 as a supporter 4. Moreover, the top plate 2 is classified into 
the inner field 5 and the outside field 6 by the supporter 4. 
[0016] 

The piezoelectric device 7 which prepared the electrode in both the 
principal planes of a disc-like piezo electric crystal plate is stuck on 
the core inside a top plate 2. A piezoelectric device 7 carries out 
bending vibration by impressing an alternation electrical potential 
difference between two electrodes united with a top plate 2. The 
situation of vibration is shown in drawing 1 (b). 



[0017] 

If the dimension of a case and a piezoelectric device 7 is adjusted, the 
configuration in which the inner field 5 and the outside field 6 are in 
phase, and resonate can be obtained. 
[0018] 

Here, if the dimension of a case is set to C= 9. 0mm, D= 16. 0mm, t= 1. 0mm, 
A= 0.5mm, and B= 1.0mm as a configuration which obtains ********** with 
said advanced technology as shown in drawing 6 (a), this ultrasonic 
rocking equipment resonates by 80kHz, and the inner field 5 and the 
outside field 6 will be in phase, and will resonate. In addition, in C, 
the thickness of a top plate 2 and A show the thickness of a supporter 4, 
and, as for the bore of a case, and D, B shows the width of face of a 
slot, as for the outer diameter of a case, and t. A piezoelectric device 
is 0. 35mm in the diameter of 7. 0mm, and thickness. The include angle 
from a line perpendicular to a top plate 2 required in order for the 
reduction-by-half angle at this time, i. e. , sound pressure, to fall to - 
6. OdB is 21 degrees, and a side lob is -15dB. As drawing 7 was shown, 
the node point of vibration is on a supporter 4. 
[0019] 

In the ultrasonic rocking equipment of this invention, reduction of a 
side lob is tried by adjusting the dimension of thickness [ of a 
supporter 4 ] A, and the width of face B of a slot 3, and moving the 
node point of vibration to the side attachment wall 1 of a case, without 
changing the outer diameter D and resonance frequency of a case. 
Although narrow directivity will be obtained if a plane of vibration is 
generally enlarged, an outer diameter is enlarged and resonance 
frequency is raised in ultrasonic rocking equipment, it aims at 
obtaining narrow directivity, without changing an outer diameter and 
resonance frequency in this invention. 
[0020] 

Because, when using ultrasonic rocking equipment like this invention as 
an ultrasonic sensor, it is because an outer-diameter dimension and the 
frequency of the supersonic wave to be used have constraint. That is, if 
an outer diameter is enlarged, the whole equipment will become large, 
and if resonance frequency is raised, an attenuation factor will become 
large, and the range of a supersonic wave will become short. 
[0021] 

Since resonance frequency will change if thickness [ of a supporter 4 ] 
A and the width of face B of a slot 3 are changed, thickness t of a top 
plate 2 is adjusted each time so that resonance frequency may be set to 
80kHz. The simulation value of change of the reduction-by-half angle 



when the simulation value of the side lob value when changing thickness 
[ of a supporter 4 ] A and the width of face B of a slot 3 to drawing 2 

(a) changing thickness [ of a supporter 4 ] A and the width of face B of 
a slot 3 to drawing 2 (b) is shown. If it is small in the value of 
thickness A of a supporter 4 and the value of the width of face B of a 
slot 3 is enlarged so that drawing 2 (a) may show, it will change in the 
direction which a side lob value reduces. For example, when A= 0. 3mm and 
B= 3. Omra, a side lob value is [ about ]. -28dB decreases. As drawing 2 

(b) shows, the reduction-by-half angle at this time is about 24 degrees, 
it does not pass to deteriorate twice [ about ] rather than the case 
where it is referred to as A= 0. 5mm and B= 1. 0mm, but the value of this 
reduction-by-half angle is sufficient value in practical use level. 
[0022] 

Making the value of A small, enlarging the value of B, or the node point 
of vibration by the both moves caudad. The oscillation mode of a top 
plate 2 changes in connection with the node point of vibration moving, 
and the side lob value decreases. 
[0023] 

Drawing 3 is drawing showing the result of having calculated the 
situation of deformation of the top plate 2 at the time of vibration of 
the ultrasonic rocking equipment of this invention, a supporter 4, and 
the side attachment wall 1 of a case with the finite element method. In 
addition, the dimensions at this time are A= 0. 4mm and B= 2. 2mm. To the 
node point of the vibration in the ultrasonic rocking equipment shown in 
drawing 7 being on a supporter 4, the node point of the vibration in the 
ultrasonic rocking equipment of this invention shown in drawing 3 is on 
the case side attachment wall 1, and the case side attachment wall 1 is 
also vibrating. 
[0024] 

Moreover, in this invention, outside a top plate 2, deformation of a 
field 6 is small and, on the other hand, is deforming the supporter 4 
greatly. Therefore, when a supporter 4 deforms, vibration of a top plate 
2 will carry out piston vibration in addition to bending vibration and 
vibration of the outside field 5 decreases, it can reduce a side lob, 
the ultrasonic rocking equipment of this invention maintaining narrow 
directivity. 
[0025] 

Moreover, in conventional ultrasonic rocking equipment, by filling up a 
slot 3 with the flexibility filler 8, vibration of the outside field 6 
is dumped and a reverberation property is improved. However, when a 
supporter 4 deforms greatly, the case side attachment wall 1 also 



vibrates like the ultrasonic rocking equipment of this invention, and it 
is filled up with a filler 8 so that a slot 3 may be filled altogether, 
and vibration of a top plate 2 and vibration of the case side attachment 
wall 1 join together, resonance frequency varies greatly. Then, by 
forming the top plate 2 of a slot 3, and the space 9 where the side 
which counters is not filled up with the filler 8, association of 
vibration can be prevented and dispersion in resonance frequency can be 
suppressed. 
[0026] 

The result of having compared dispersion in the resonance frequency at 
the time of not preparing with the case where the space 9 where a slot 3 
is not filled up with the filler 8 is established in drawing 4 is shown. 
Resonance frequency was measured with 16 samples, respectively by what 
formed the space 9 where it does not fill up with the bulking agent 8 in 
the slot 3, and the thing with which space 9 is not formed but the 
bulking agent 8 is filled up into the whole slot 3, and it asked for the 
average and standard deviation of resonance frequency. As shown in 
drawing 4 , it turns out that the value of the standard deviation of 
resonance frequency serves as half about, and dispersion in resonance 
frequency is improved by forming space 9. 
[0027] 

In addition, as the experimental result was shown in drawing 5 , even if 
it establishes space 9 in a slot 3, a reverberation property does not 
deteriorate. Namely, when reverberation time was measured with 16 
samples, respectively by what formed the space 9 where it does not fill 
up with the bulking agent 8 in the slot 3, and the thing with which 
space 9 is not formed but the bulking agent 8 is filled up into the 
whole slot 3 and the average and standard deviation of reverberation 
time were computed, as for most differences, the average and standard 
deviation were not seen. 
[0028] 

[Effect of the Invention] 

As mentioned above, according to invention according to claim 1, by 

locating the node point of vibration in a case side attachment wall, 
when piston vibration joins vibration of a top plate and vibration of an 
outside field decreases further, a side lob can be reduced, without 
spoiling narrow directivity. 
[0029] 

Moreover, according to invention according to claim 2, a reverberation 
property is improvable by filling up the slot formed in the case side 
attachment wall with the filler which consists of a flexibility 



ingredient, putting slitting into a filler, and establishing space in 
the top plate of a slot, and the side which counters, suppressing 
dispersion in resonance frequency. 
[Brief Description of the Drawings] 

[Drawing 1] It is the sectional view showing the ultrasonic rocking 
equipment of this invention. 

[Drawing 2] It is drawing showing change of a side lob value and a 
reduction-by-half angle. 

[Drawing 3] It is drawing which expressed the situation of vibration of 
the ultrasonic rocking equipment of this invention with the finite 
element method. 

[Drawing 4] It is drawing showing the variation of resonance frequency 
when not forming with the case where the space which is not filled up 
with a flexibility filler is formed in a slot. 

[Drawing 5] It is drawing showing the reverberation property when not 
forming with the case where the space which is not filled up with a 
flexibility filler is formed in a slot. 

[Drawing 6] It is the sectional view showing conventional ultrasonic 
rocking equipment. 

[Drawing 7] It is drawing which expressed the situation of vibration of 
conventional ultrasonic rocking equipment with the finite element method. 
[Description of Notations] 

1 Side Attachment Wall 

2 Top Plate 

3 Slot 

4 Supporter 

5 Inner Field 

6 Outside Field 

7 Piezoelectric Device 

8 Filler 

9 Space 
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